UK Patent Application ™GB „„2 363 905 „»A 



(43) Date of Printing by UK Office 09.01.2002 



(21) 


Application No 0123836.9 


(51) 


INT CL 7 






H01L 27/092 // H01L 27/115 27/12 


(22) 


Date of Filing 01.04.2000 






(52) 


UK CL (Edition T ) 




rr loriiy udid 

(31) 60128170 (32) 06.04.1999 (33) US 




H1K KG AFX K 1 FX K 1 1 A3 






(56) 


Documents Cited by ISA 






EP 0896370 A JP 560021371 A 


(86) 


International Application Data 




US 5847993 A US 5691552 A 


PCT/USOO/08835 En 01.04 2000 




US 4724530 A US 4142251 A 

IBM Technical Disclosure Bulletin, Vol 13, No 11, Apr 


(87) 


International Publication Data 
WO00/60665 En 12.10.2000 




1971, Gaensslen et al, page 3345 






(58) 


Field of Search by ISA 
INT CL 7 H01L 






(71) 


Applicant(s) 




EPO-lntemal 




Peregrine Semiconductor Corporation 
(Incorporated in USA - Delaware) 










Agent and/or Address for Service 




6175 Nancy Ridge Drive, San Diego, California 92121, 


(74) 




United States of America 




Sommerville 8c Rushton 

45 Grosvenor Road, ST ALBANS, Herts., AL1 3AW, 


(72) 


Inventor(s) 

Ronald E Reedy 
James S Cable 




United Kingdom 



(54) Abstract Title 

An EEPROM cell on SOI 

(57) A non-volatile storage cell manufactured in a standard CMOS process in silicon on insulator is described. 
The cell is manufactured in a standard single polysilicon layer CMOS process applied to silicon on insulator 
starting substrates. Two versions of the cell are described with distinct mechanisms for writing onto a floating 
polysilicon layer storage node. The basic cell comprises crossed N- and P- transistors which share a common 
channel region and a common floating gate over the channel. Current in the channel results in charge injection 
through the gate oxide and onto the polysilicon gate conductor where it is permanently stored. Since both N 
and P type transistors are available, charge of both polarities can be injected. Application of a voltage to either 
of the transistors results in a current or voltage which is used to perform the reading function. Multiple 
variations of the cell and its operation are also described along with unique applications of the cell. 



10 



70 



N- 











p+ 

✓ 






20 


80 












N+ 


— * 70 




30 



a 

U3 

ro 

CO 

o> 

CO 

CD 
O 
CJI 



BiST AVAILABLE COPY 



(12) INTERNATIONAL APPORTION PUBLISHED UNDER THE PATENT COOPEI&TION TREATY (PCT) 



(19) World Intellectual Property Organization 
International Bureau 

(43) International Publication Date 
12 October 2000 (12.10.2000) 




PCT 



(10) International Publication Number 

WO 00/60665 A3 



(51) International Patent Classification 7 : H01L 27/092, 

27/115,27/12 

(21) International Application Number: PCT/USOO/08835 

(22) International Filing Date: 1 April 2000 (01.04.2000) 

(25) Filing Language: English 

(26) Publication Language: English 



(30) Priority Data: 

60/128.170 
09/420,952 



6 April 1999 (06.04.1999) US 
19 October 1999 (19.10.1999) US 



(71) Applicant (for all designated States except US): PERE- 
GRINE SEMICONDUCTOR CORPORATION 

[US/US]: 6175 Nancy Ridge Drive. San Diego. CA 92121 
(US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): REEDY, Ronald, E. 

[US/US]; 440 San Antonio Avenue #12, San Diego, CA 



92106 (US). CABLE, James, S. [US/US]; 5342 Ruette De 
Mer, San Diego, CA 92130 (US). 

(74) Agent: EPPERSON, Dennis, H.; P.O. Box 62139, Santa 
Barbara, CA 93160-2139 (US). 

(81) Designated States (national)'. AE, AL, AM, AT. AU, AZ, 
BA, BB. BG. BR. BY, CA. CH, CN. CR, CU, CZ, DE. DK, 
DM. EE, ES. FL GB, GD ? GE, GH. GM, HR, HU, ID, IL, 
IN, IS, JP, KE, KG. KR KR, KZ. LC, LK, LR, LS. LT, LU. 
LV. MA, MD, MG. MK, MR MW, MX. NO, NZ. PL, FT, 
RO. RU, SD, SE. SG, SI, SK, SL, TJ, TM, TR, TT, TZ, UA, 
UG. US, UZ. VN, YU, ZA, ZW. 

(84) Designated States (regional)". ARIPO patent (GH, GM, 
KE. LS, MW, SD. SL, SZ, TZ, UG. ZW), Eurasian patent 
(AM. AZ. BY. KG. KZ, ME), RU. TJ, TM), European patent 
(AT. BE. CH. CY, DE. DK, ES, FI, FR. GB, GR, IE, IT. LU. 
MC. NL, PT, SE), OAPI patent (BF, BJ. CF, CG, CI, CM, 
GA. GN. GW. ML, MR, NE. SN. TD, TG). 



Published: 

— With international search report. 



[ Continued on next page ] 



(54) Title: AN EEPROM CELL ON SOI 



< 



O 




(57) Abstract: A non- volatile storage cell manufactured in a standard CMOS process in silicon on insulator is described. "The cell is 
manufactured in a standard single polysilicon layer CMOS process applied to silicon on insulator starting substrates. Two versions 
of the cell are described with distinct mechanisms for writing onto a floating polysilicon layer storage node. The basic cell comprises 
crossed N- and P- transistors which share a common channel region and a common floating gate over the channel. Current in the 
channel results in charge injection through the gate oxide and onto the polysilicon gate conductor where it is permanently stored. 
Since both N and P type transistors are available, charge of both polarities can be injected. Application of a voltage to either of 
the transistors results in a current or voltage which is used to perform the reading function. Multiple variations of the cell and its 
operation are also described along with unique applications of the cell. 



O 00/60665 A3 I fllil 1101111 H lllill llllf^^mil Iflli lllfl IDfl Hill Ifll lilllJI fill lllf III] 



(88) Date of publication of the international search report: 

22 February 2001 



For two-letter codes and other abbreviations, refer to the "Guid- 
ance Notes on Codes and Abbreviations" appearing at the begin- 
ning of each regular issue of the PCT Gazette. 



INTERN ATI Q, 



SEARCH REPORT 



PCT/US^W08835 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 H01L27/092 H01L27/115 H01L27/12 



According to International Patent Classification (IPC) or to both national classification and IPC 



B. FIELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 H01L 



Documentation searched other than minimum documentation to the extent that such documents are included in the fields searcneo 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category c 



Citation of document with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



F.H. GAENSSLEN ET AL.: "Field-effect 

transistor device" 

IBM TECHNICAL DISCLOSURE BULLETIN., 

vol. 13, no. 11, April 1971 (1971-04), 

page 3345 XP002142248 

IBM CORP. NEW YORK. , US 

ISSN: 0018-8689 

the whole document 

PATENT ABSTRACTS OF JAPAN 
vol. 5, no. 74 (E-57) '746!, 
16 May 1981 (1981-05-16) 
& JP 56 021371 A (FUJITSU K.K.), 
27 February 1981 (1981-02-27) 



1,6,8, 
46,48, 
51,53, 
54,56, 
58,60, 
61,63, 
65,67 



1,6,8, 
46,48, 
51,53, 
54,56, 
58,60, 
61,63, 
65,67 



abstract 



m 



Further documents are listed in tne continuation of box C. 



Patent family memoers are listed in' annex. 



0 Special categories of cited documents : 

*A" document defining the general state of tne art which is net 

considerea to be of particular relevance 
"E" earlier document but published on or after the international 

filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

'O* document referring to an oral disclosure, use. exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



•T" later document published after the international filing date 
or priority aate and not in conflict with the application but 
cited to unoerstand the pnncipie or theory underlying the 
invention 

"X" document of particular relevance: the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive steo when the document is taken alone 

*Y" document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step wnen the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

document member of the same patent family 



Date of the actuai completion of the international search 



8 November 2000 



Date of mailing of the international search report 



i 7. II 00 



Name and mamng adcress of the ISA 

curooean Patent Office. P.B. 5816 Patentiaan 2 
ML - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 3i 651 epo nl. 
Fax: 1*31-70) 340-3016 



Authonzea officer 



Bai llet , .B 



Daae 1 of 2 



INTERNA 



AL SEARCH REPORT 



In jU^^Hptication No 

PCT/US 00/08835 



^Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT 


Category ° 


Citation of document, with indication .wftere appropriate, of the relevant passages 


Relevant to claim No. 


v 
X 


US 4 724 530 A (DINGWALL) 


46,51, 




9 February 1988 (1988-02-09) 


52,54, 






58,59, 






61,65,66 


A 

A 


the whole document 


7 


A 

A 


US 4 142 251 A (MINTZ) 


2,9,11, 




27 February 1979 (1979-02-27) 


12,14, 






18,20, 






23,25, 






28,35, 






38,39, 






41,43, 






44,46, 






49,68, 






70,71, 






73,75, 






77.78 80 




the whole document 


A 


EP 0 896 370 A (COMMISSARIAT A L'ENERGIE 


20,22, 




AT0MIQUE) 10 February 1999 (1999-02-10) 


24.30 






32,34, 






35,38,40 




the whole document 




A 


US 5 691 552 A (0YAMA) 


25 




25 November 1997 (1997-11-25) 






the whole document 




A 


US 5 847 993 A (DEJENFELT) 


20,25, 




8 December 1998 (1998-12-08) 


35,41 




the whole document 











rc.Tn ^CT.-iSA'S ;G tcon-tn-jation 01 seconc snee-:; (July <rS2i 



INTERNATIONAL SEARCH REPORT 



Intemal^^p aDOiicadon No. 

PCT/US 00/08835 



Box I Observations where certain claims were found unsearchable (Continuation of item 1 of first sheet) 

This International Search Report has not been established in respect of certain claims under Article 17{2)(a) for the following reasons: 
1 . Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 



2 | Claims Nos.: 

1 because they relate to parts of the international Application that do not comply with the prescnbed requirements to such 

an extent that no meaningful International Search can be carried out. specifically: 



3 I Claims Nos.: 

1 because they are dependent claims and are not drafted in accordance with the second and thira sentences of Rule 6.4(a). 

Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 

This international Searching Authority found multiple inventions in this international application, as follows: 

see addi tional sheet 



1 1 | As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
L^— I searchable claims. 

2.1 | As all searchable claims could be searched without efiort justifying an additional fee. this Authority did not invite payment 
of any additional fee. 



3. I I As only some of the required additionaJ search fees were timely paid by the applicant, this International Search Report 
1 1 covers only those claims for which fees were paid, specifically claims Nos.: 



4 I I No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 



Remark on Protest 



j j The additional search fees were accompanied by the applicant's protest. 
| y | No protest accompanied the payment of additional search fees. 



Form PCT/iSA'2 10 (continuation of first sheet (1)) (July 1998) 



International Application No. PCT/US GO /G8835 



FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210 



This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-8,46,48,51-54,56,58-61,63,65-67 

Semiconductor device formed in an island of semiconductor 
material on insulating substrate comprising two devices with 
channel region, the channel regions of the two devices 
having at least a corrmon region. 



2. Claims: 9-45,47,49,50,55,57,62,64,68-81 

Devices formed on semiconductor islands on insulating 
substrate, comprising at least two devices with channel 
which share a comnon floating gate, EEPROM formed with these 
devices and process for manufacturing them. 



INTERNATI 

Inform 



Patent document 
cited in search report 



SEARCH REPORT 

patent family members 



Publication 
date 



ation^^Bcstion No 

PCT/US^W08835 



Patent family 
member(s) 



Publication 
date 



JP 


ccnoi o*7 i 
bbUZl J/ 1 


A 

A 




no 


IftQI 

-lyoi 


NUNt 






US 


4724530 


A 


09- 


-02- 


-1988 


DE 


2939290 A 


10-04-1980 














FR 


2438340 A 


30-04-1980 














GB 


2034517 A,B 


04-06-1980 














IT 


1123267 B 


30-04-1986 














JP 


1340007 C 


29-09-1986 














JP 


55050654 A 


12-04-1980 














JP 


61006549 B 


27-02-1986 


us 


4142251 


A 


27- 


-02- 


-1979 


JP 


54081038 A 


28-06-1979 



EP 896370 A 10-02-1999 FR 2767219 A 12-02-1999 



US 


5691552 


A 


25-11-1997 


JP 


2630278 


B 


16-07-1997 










JP 


8125042 


A 


17-05-1996 










KR 


183486 


B 


20-03-1999 


us 


5847993 


A 


08-12-1998 


NONE 









= orm PCT/iS>V?*G toaiem !am:ty annex) (July 19925 



• INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




PCT ^ D 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classification 7 : 
H01L 27/092 



A2 



(11) International Publication Number: WO 00/60665 

(43) International Publication Date: 12 October 2000 (12.10.00) 



(21) International Application Number: PCT/USOO/08835 

(22) International Filing Date: 1 April 2000 (01.04.00) 



(30) Priority Data: 
60/128,170 
09/420,952 



6 April 1999 (06.04.99) US 
19 October 1999 (19.10.99) US 



(71) Applicant (for all designated States except US): PEREGRINE 
SEMICONDUCTOR CORPORATION [US/US]; 6175 
Nancy Ridge Drive, San Diego, CA 92121 (US). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only)-. REEDY, Ronald, E. 
[US/US]; 440 San Antonio Avenue #12, San Diego, CA 
92106 (US). CABLE, James, S. [US/US]; 5342 Ruette De 
Mer, San Diego, CA 92130 (US). 

(74) Agent: EPPERSON, Dennis, H.; P.O. Box 62139, Santa 
Barbara, CA 93160-2139 (US). 



(81) Designated States: AE, AL, AM, AT, AU, AZ, BA, BB, BG, 
BR, BY, CA, CH, CN, CR, CU, CZ, DE, DK, DM, EE, 
ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, 
KE, KG, KP, KR, KZ, LC. LK, LR, LS, LT, LU, LV, MA, 
MD, MG, MK, MN, MW, MX, NO, NZ, PL, PT, RO, RU, 
SD, SE, SG, SI, SK, SU TJ, TM, TR, TT, TZ, UA, UG, 
US, UZ, VN, YU, ZA, ZW, ARIPO patent (GH, GM, KE, 
LS, MW, SD, SL, SZ, TZ, UG, ZW), Eurasian patent (AM, 
AZ, BY, KG, KZ, MD, RU, TJ, TM), European patent (AT, 
BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, 
MC, NL, PT, SE), OAPI patent (BF, BJ, CF, CG. CI, CM, 
GA, GN, GW, ML, MR, NE, SN, TD, TG). 



Published 

Without international search report and to be republished 
upon receipt of that report. 



(54) Title: AN EEPROM CELL ON SOI 
(57) Abstract 

A non-volatile storage cell manufac- 
tured in a standard CMOS process in sili- 
con on insulator is described. The cell is 
manufactured in a standard single polysil- 
icon layer CMOS process applied to sili- 
con on insulator starting substrates. Two 
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tinct mechanisms for writing onto a float- 
ing polysilicon layer storage node. The ba- 
sic cell comprises crossed N- and P- tran- 
sistors which share a common channel re- 
gion and a common floating gate over the 
channel. Current in the channel results in 
charge injection through the gate oxide and 
onto the polysilicon gate conductor where 
it is permanently stored. Since both N and 
P type transistors are available, charge of 
both polarities can be injected. Application 
of a voltage to either of the transistors re- 
sults in a current or voltage which is used 
to perform the reading function. Multiple 
variations of the cell and its operation are 
also described along with unique applica- 
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An EEPROM Cell on SO! 

Related Application 

This patent application claims the benefit of U.S. Provisional Application 
Serial No. 60/128,170, which was originally filed on April 6, 1999. 

5 

Field of the Invention 

The invention relates to the field of floating gate devices on Silicon On 
Insulator (SOI). 

5 

Background of the Invention 

General 

10 Electronic devices perform several functions, including digital, analog 

and memory. Memory devices fall into two broad categories: volatile and 
non-volatile, with the distinction that volatile memory loses its information 
when power is removed while non-volatile memory does not. 

15 Multiple types of non-volatile (NV) memory have been used over the 

years, with the most common based on magnetic devices such as magnetic 
core, tape or discs or optical devices such as CD-ROM. Such devices offer 
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high density and low cost, but cannot be integrated onto integrated circuits. 
They are therefore typically used in computer systems as separate modules, 
but cannot provide non-volatile memory as an integral part of an integrated 
circuit, or chip. 

5 

Including non-volatile storage of information on board a chip has 
become increasingly important. With such capability, standard chips can be 
permanently programmed to perform specialized functions; variable 
coefficients can be permanently stored; and critical data can be backed up 

10 during operation to improve system reliability. Additionally, on-chip NV 
memory enables a single chip to be manufactured in large volume for multiple 
markets, with customization provided by programming, either at the 
manufacturer or by the customer. This provides cost efficiency from the large 
volume production to lower volume, customized applications. NV memory is 

1 5 particularly important for battery operated systems such as cellular phones 
and portable consumer electronics where both customization and information 
storage is required and must survive complete loss of power. 

Uses of on-chip NV memory continue to expand with its availability. 

20 Many wireless systems require significant permanent customization to set 
radio performance specifications (e.g., frequency plans, gain levels, internal 
operating conditions, A/D performance, account information, security codes 
and software changes or upgrades). New markets include so-called IC cards 
used as credit cards, pre-paid purchase cards, medical records storage and RF 

25 ID tags. Other new applications include content addressable memory, 
security verification, package tracking, commercial satellites and many more. 
The key to these new applications is to be able to include NV memory with 
as many other microelectronic functions as possible. 
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Storage cells 

The original N V memory was commonly called Floating-gate Avalanche- 
injection MOS (FAMOS) and is described in US patents 3,500,142 and 
5 3,919,71 1 . In this device, a polysilicon gate transistor was made without 
electrical contact to the gate conductor. By applying a high voltage to the 
drain of an N-channel transistor, small currents were amplified through 
avalanche gain, creating high energy (or "hot") electrons or holes. The 
combination of high energy and large voltage on the drain forced some of the 

1 0 carriers to penetrate through the gate oxide and onto the electrically floating 
polysilicon gate conductor. Once charged, the gate maintained the transistor 
in a conducting, or "on", state which represented a stored bit of information. 
Initial products were based on bulk Si PMOS transistors storing electrons on 
the gate. However, no integrated electrical mechanism was available to inject 

15 electrons or to remove holes thereby providing an erase function. 

While effective at writing, the lack of an electronic mechanism to erase 
or remove the stored charge was a severe limitation. Hence, this class of 
device became known as an Electrically Programmable Read Only Memory, or 

20 EPROM. The erasing mechanism devised was to apply ultraviolet light which 
gave the stored charge sufficient energy to return to the silicon and be 
dissipated, hence the name UVEPROM. UV erasing was time consuming, 
required special equipment and device packaging and perhaps worst of all, it 
required removal of the device from the system for reprogramming. The value 

25 of NV memory was so great that these drawbacks did not prevent UVEPROM 
from becoming a very successful product. However, the drawbacks led to a 
search for a next generation of device, the Electrically Erasable PROM, called 
EEPROM or E 2 PROM and often referred to simply as E-squared. By providing 
electrically erasable memory, the UV light, special packaging and removal 

30 requirements were eliminated and NV memory became an industry segment 
unto itself, spawning numerous companies. 
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In EEPROM, a second polysilicon layer is placed above or near the 
floating storage node and separated by a very thin, high quality silicon dioxide 
layer, as described in many US patents, including 3,996,657, 5,587,947 and 
5,689,459. Writing occurs by applying a drain source voltage of sufficient 
5 magnitude to create source-drain current with channel hot electrons (CHE) of 
sufficient energy and momentum to penetrate the gate oxide. Erasing occurs 
by applying a high voltage to the second gate, sufficiently high electric fields 
can be generated to induce the quantum mechanical tunneling phenomenon 
(Fowler-Nordheim), in which a charged particle penetrates a thin insulating 

1 0 layer. With the second gate, an electrical erasing mechanism is integrated 
onto the chip, thereby eliminating the need for UV light and more importantly, 
allowing in-system re-programming. However, process complexity increases 
and on-chip high voltages have to be generated, controlled and routed. The 
high electric field eventually causes damage to the thin oxide layer, creating 

1 5 reliability issues. Also, the erasing mechanism is an inherently unstable 
process which can cause over-erasing (and subsequent under-writing) and 
other problems. Sophisticated control circuits are required to ensure proper 
operation. 

20 Multiple variations on the EEPROM writing and erasing mechanisms 

have been defined and used. Processing and layout details affect 
performance, speed and reliability. Control of the thin oxide layers must be 
to the highest standards, often limiting yield and manufacturability. Many 
large chips, such as high performance microprocessors and digital signal 

25 processors would benefit from inclusion of EEPROM, but the process and 
design complexity can make this prohibitively expensive. However, in 
specialized processing facilities, large NV memory chips known as flash 
memory use a variation of EEPROM storage cells and are manufactured cost 
effectively. 
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A recent variation on the standard EEPROM ceil is the so-called stepped 
channel device, as described in US. Patent No. 5,780,341. In this cell, a 
shallow step is introduced into the channel region of the writing transistor, 
making the drain slightly lower than the source. As electrons transit from 
5 source to drain, they encounter the step. The step enhances CHE injection 
mechanism thereby completing the writing mechanism at lower voltage. The 
detailed mechanisms are described in the references, but can be thought of 
as a microscopic solid state electron implanter. By adjusting the size and 
location of the step along with the transistor design, electrons can be written 
1 0 effectively. However, this still leaves the requirement to erase the cell, which 
is done by conventional Fowler-Nordheim tunneling as found in conventional 
EEPROM. 

Processes 

15 

EEPROM storage cells are inherently MOS devices and can be 
integrated into any MOS process. However, the high voltages necessary for 
programming add additional requirements to the process to deal with routing 
of the high voltage signals. In standard CMOS, regions between transistors 

20 are called the field and constitute a parasitic MOS transistor. If this region is 
improperly designed so-called field inversion can occur, thereby improperly 
shorting together two or more adjacent transistors. High voltage on 
interconnects increases this problem and forces changes to the CMOS 
process. Additionally, CMOS circuits can exhibit a phenomenon known as 

25 latch-up in which a large, stable current can be triggered which can either 
destroy the chip or at least force power down. Modern CMOS processes 
normally designed to handle 3 V or less must therefore be modified 
significantly to enable them to handle the high programming voltages if 
EEPROM cells are to be added. Additionally, transistors and other circuit 

30 elements (often called charge pump circuits) must be included to create and 
route the high voltage signals. These elements must themselves be designed 
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to handle the high voltage and the silicon substrate must also be designed to 
deal with substrate currents induced by the signals. In short, adding EEPROM 
circuitry to standard CMOS requires a great deal of design and process 
technology which in turn increases complexity and cost. Even with the 
5 greatest care and effort, many companies have failed at creating cost 
effective EEPROM. 

Since many of the problems associated with integrating EEPROM with 
standard CMOS arise from interactions with the Si substrate, an ideal process 

10 for this task is silicon on insulator, or SOI. SOI is a structure in which a 
silicon film is formed on an insulating layer or substrate. CMOS on SOI 
enables completely dielectric isolation of each transistor, thereby eliminating 
silicon laterally from the field regions and associated field inversion problems. 
The insulating layer below each transistor is also incapable of supporting 

1 5 substrate current, especially those created by high voltage circuitry and 
signals. Three US patents discuss EEPROM on SOI: 5,41 1,905; 5,455,791 
and 5,886,376. In all three patents, a traditional Fowler-Nordheim 
mechanism is described based on a floating gate and a capacitively coupled 
control gate. 

20 

SOI structures also provide opportunities to use transistors in different 
ways, since source and drain junctions cannot be forward biased to the 
substrate. Such flexibility can permit circuit topologies not permitted in bulk 
Si CMOS. It also simplifies charge pump design. 

25 

Summary of the Invention 

Since its first invention, it has been recognized that a low voltage 
30 EEPROM cell manufactured without additional processing steps would be an 
ideal solution. With such a cell, NV memory could be integrated into virtually 
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all CMOS circuitry by standard design techniques. Lower voltage operation 
would reduce the need for high voltage circuitry, and improve reliability of the 
thin oxide layer. The term low voltage means low compared to the traditional 
writing and erasing voltages of up to 19 V, as is currently common in the 
5 industry. It is desirable to have a minimum voltage for writing to the cell, at 
least above the voltages typically used to operate the rest of the chip's 
circuitry. This is for the obvious reason that it provides protection against 
standard control signals inadvertently writing information into the storage 
cells. 

10 

An ideal cell would also be able to write and erase in a controlled, 
measurable fashion, thereby reducing the risk of over-erasing. The tunneling 
injection mechanisms currently used are exponentially non-linear forcing tight 
process and circuit controls to ensure proper writing and erasing. Finally, low 
1 5 voltage operation reduces power consumption and meets the constant need 
to reduce voltages of virtually all modern electronic systems. 

SOI embodiments would have higher speed and some reduced high 
voltage sensitivity, but the basic logic and storage cells can be the same as 
20 those described for bulk Si. However, SOI offers a degree of freedom not 
available in bulk silicon: each transistor is electrically isolated from each other 
which enables a unique cell construction and erasing mechanism which 
provides the long-sought integratable EEPROM cell without additional 
processing layers. 

25 

These and other desirable characteristics are embodied in the present 
invention. 

In a first aspect, the present invention is a semiconductor device 
30 comprising: an island of semiconductor material on an insulating substrate; a 
first electronic device of a first conductivity type fabricated in the island of 
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semiconductor material, the first electronic device comprising: a first device 
source region; a first device drain region; and a first device channel region 
positioned between the first device source region and the first device drain 
region, wherein a portion of the first device channel region is a common 
5 channel region; and a second electronic device of a second conductivity type 
fabricated in the island of semiconductor material, the second electronic 
device comprising: a second device source region; a second device drain 
region; and a second device channel region positioned between the second 
device source region and the second device drain region, wherein a portion of 

10 the second device channel region includes the common channel region. The 
device may further include a common floating gate positioned over at least a 
portion of each of the first device channel region and the second device 
channel region, the common floating gate further comprising: a gate insulating 
layer positioned adjacent the common channel region; and a gate conductive 

15 layer positioned adjacent the gate insulating layer. In some configurations, 
the gate insulating layer may further comprise an oxide layer and the gate 
conductive layer may further comprise a polysilicon layer. In some 
configurations, the semiconductor device may further comprise an injector, 
the injector comprising a region wherein the common floating gate penetrates 

20 into the common channel region such that the injector is surrounded by the 
common channel region. In some configurations, the semiconductor device 
further comprises an Electrically Erasable Programmable Read Only Memory, 
called EEPROM, device. In some configurations, the semiconductor material 
further comprises silicon. In some configurations, the insulating substrate 

25 further comprises sapphire. In some configurations, the insulating substrate 
further comprises a layer of silicon dioxide. 

In a second aspect, the present invention is a semiconductor device 
comprising: a first island of semiconductor material on an insulating substrate 
30 wherein the first island of semiconductor material further comprises: a first 
region and a second region of a first conductivity type separated by a first 
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channel region positioned between the first and second regions; and a third 
region of a second conductivity type which is adjacent to the first channel 
region; a second island of semiconductor material on the insulating substrate 
wherein the second island of semiconductor material further comprises a 
5 fourth region and a fifth region of the first conductivity type separated by a 
second channel region positioned between the fourth and fifth regions; a third 
island of semiconductor material on the insulating substrate wherein the third 
island of semiconductor material further comprises: a sixth region and a 
seventh region of the first conductivity type separated by a third channel 

1 0 region positioned between the sixth and seventh regions; and an eighth region 
of the second conductivity type which is adjacent to the third channel region; 
and a floating gate common to the first, second and third channel regions, the 
common floating gate further comprising: a gate insulating layer positioned 
adjacent the first, second and third channel regions; and a gate conductive 

15 layer positioned adjacent the gate insulating layer. The device may further 
comprise an injector, the injector comprising a region wherein the common 
floating gate penetrates into at least one of the first, second or third channel 
regions. In some configurations, the semiconductor material further 
comprises silicon. In some configurations, the insulating substrate further 

20 comprises sapphire. In some configurations, the insulating substrate further 
comprises a layer of silicon dioxide. 

In a third aspect, the present invention is a multiport semiconductor 
device comprising: an island of semiconductor material on an insulating 

25 substrate wherein the island of semiconductor material further comprises: a 
first region and a second region of a first conductivity type separated by a 
first channel region positioned between the first and second regions; a third 
region of a second conductivity type which is adjacent to the first channel 
region; a fourth region and a fifth region of the first conductivity type 

30 separated by a second channel region positioned between the fourth and fifth 
regions; a sixth region of the second conductivity type which is adjacent to 
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the second channel region; and a floating gate common to the first and 
second channel regions. In some configurations, the common floating gate 
further comprises: a gate insulating layer positioned adjacent the first and 
second channel regions; and a gate conductive layer positioned adjacent the 
5 gate insulating layer. The device may further include an injector, the injector 
comprising a region wherein the common floating gate penetrates into at least 
one of the first or second channel regions. In some configurations, the 
semiconductor material further comprises silicon. In some configurations, the 
insulating substrate further comprises sapphire. In some configurations, the 
10 insulating substrate further comprises a layer of silicon dioxide. 

In a fourth aspect, the present invention is an EEPROM cell with 
integrated inverter serving as a latching sense amplifier semiconductor device, 
the device comprising: an EEPROM cell formed on a first island of 

1 5 semiconductor material on an insulating substrate wherein the EEPROM cell 
further comprises: a first region and a second region of a first conductivity 
type separated by a first channel region positioned between the first and 
second regions; and a third region of a second conductivity type which is 
adjacent to the first channel region; an inverter configured as a latching sense 

20 amplifier comprising: a second island of semiconductor material on the 
insulating substrate wherein the second island of semiconductor material 
further comprises a fourth region and a fifth region of the first conductivity 
type separated by a second channel region positioned between the fourth and 
fifth regions; and a third island of semiconductor material on the insulating 

25 substrate wherein the third island of semiconductor material further comprises 
a sixth region and a seventh region of the second conductivity type separated 
by a third channel region positioned between the sixth and seventh regions, 
wherein a voltage V ss is applied to the fourth region of first conductivity type, 
a voltage V dd is applied to the sixth region of second conductivity type, and 

30 the fifth region of first conductivity type and the seventh region of second 
conductivity type are interconnected as an output for the latching sense 
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amplifier; and a floating gate common to the first, second and third channel 
regions. The device may further include an injector, the injector comprising 
a region wherein the common floating gate penetrates into one or more of the 
first, second or third channel regions. In some configurations, the 
5 semiconductor material further comprises silicon. In some configurations, the 
insulating substrate further comprises sapphire. In some configurations, the 
insulating substrate further comprises a layer of silicon dioxide. 

In a fifth aspect, the present invention is an EEPROM cell with 

10 integrated NAND gate semiconductor device, the device comprising: a first 
EEPROM cell formed on a first island of semiconductor material on an 
insulating substrate wherein the first EEPROM cell further comprises: a first 
region and a second region of a first conductivity type separated by a first 
channel region positioned between the first and second regions; and a third 

1 5 region of a second conductivity type which is adjacent to the first channel 
region; a second EEPROM cell formed on a second island of semiconductor 
material on the insulating substrate wherein the second EEPROM cell further 
comprises: a fourth region and a fifth region of the first conductivity type 
separated by a second channel region positioned between the fourth and fifth 

20 regions; and a sixth region of the second conductivity type which is adjacent 
to the second channel region; a third island of semiconductor material on the 
insulating substrate wherein the third island of semiconductor material further 
comprises a seventh region, an eighth region and a ninth region of the first 
conductivity type wherein the seventh and eighth regions are separated by a 

25 third channel region positioned between the seventh and eighth regions and 
the eighth and ninth regions are separated by a fourth channel region 
positioned between the eighth and ninth regions; a fourth island of 
semiconductor material on the insulating substrate wherein the fourth island 
of semiconductor material further comprises a tenth region, an eleventh region 

30 and a twelfth region of the second conductivity type wherein the tenth and 
eleventh regions are separated by a fifth channel region positioned between 
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the tenth and eleventh regions and the eleventh and twelfth regions are 
separated by a sixth channel region positioned between the eleventh and 
twelfth regions, wherein a voltage V ss is applied to the seventh region of first 
conductivity type, a voltage V dd is applied to the tenth region of second 
5 conductivity type, and the ninth region of the first conductivity type and the 
eleventh region of the second conductivity type are interconnected as an 
output for a NAND logic function; a first floating gate common to the first, 
third and fifth channel regions; and a second floating gate common to the 
second, fourth and sixth channel regions. The device may further include at 

10 least one injector, the injector comprising a region wherein either one or both 
of the first common floating gate or the second common floating gate 
penetrates into the first or second channel region, respectively. In some 
configurations, the semiconductor material further comprises silicon. In some 
configurations, the insulating substrate further comprises sapphire. In some 

1 5 configurations, the insulating substrate further comprises a layer of silicon 
dioxide. 

In a sixth aspect, the present invention is a semiconductor device 
comprising: an island of semiconductor material on an insulating substrate 

20 wherein the island of semiconductor material further comprises: a first region 
and a second region of a first conductivity type separated by a channel region 
positioned between the first and second regions; and a third region of a 
second conductivity type which is adjacent to the channel region; and a 
floating gate positioned over the channel region. The device may further 

25 include an injector, the injector comprising a region wherein the floating gate 
penetrates into the channel region. In some configurations, the 
semiconductor material further comprises silicon. In some configurations, the 
insulating substrate further comprises sapphire. In some configurations, the 
insulating substrate further comprises silicon dioxide. 

30 



f 
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In a seventh aspect, the present invention is a semiconductor 
programmable interconnect device, the device comprising: an EEPROM cell 
formed on an island of semiconductor material on an insulating substrate 
wherein the EEPROM cell further comprises: a first region and a second region 
5 of a first conductivity type separated by a first channel region positioned 
between the first and second regions; a third region and a fourth region of a 
second conductivity type separated by a second channel region positioned 
between the third and fourth regions; and a floating gate common to the first 
and second channel regions; a first interconnect in electrical contact with the 

10 first region of the first conductivity type; and a second interconnect in 
electrical contact with the second region of the first conductivity type. The 
device may further include a third interconnect in electrical contact with the 
third region of the second conductivity type; and a fourth interconnect in 
electrical contact with the fourth region of the fourth conductivity type. The 

1 5 device may further include an injector, the injector comprising a region 
wherein the common floating gate penetrates into at least one of the first or 
second channel regions. In some configurations, the semiconductor material 
further comprises silicon. In some configurations, the insulating substrate 
further comprises sapphire. In some configurations, the insulating substrate 

20 further comprises a layer of silicon dioxide. 

In an eighth aspect, the present invention is a semiconductor content 
addressable memory cell (CAM) device comprising: a first EEPROM cell 
formed on a first island of semiconductor material on an insulating substrate 

25 wherein the first EEPROM cell further comprises: a first EEPROM cell 
N-channel device which includes a first N+ region and a second N+ region 
separated by a first channel region positioned between the first and second 
IM+ regions; a first EEPROM cell P-channel device which includes a first P + 
region and a second P+ region separated by a second channel region 

30 positioned between the first and second P+ regions; a second EEPROM cell 
formed on a second island of semiconductor material on the insulating 
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substrate wherein the second EEPROM cell further comprises: a second 
EEPROM cell N-channel device which includes a third N + region and a fourth 
N+ region separated by a third channel region positioned between the third 
and fourth N+ regions; a second EEPROM cell P-channel device which 
5 includes a third P + region and a fourth P+ region separated by a fourth 
channel region positioned between the third and fourth P + regions; a 
common floating gate positioned adjacent the first, second, third and fourth 
channel regions; a first interconnect in electrical contact with the first N + 
region on the first EEPROM cell and the third P+ region on the second 

10 EEPROM cell; a first P-channel transistor having a first P-channel transistor 
source contact biased at a voltage V DD , a first P-channel transistor drain 
contact connected to the first interconnect, and a clock signal connected to 
a first P-channel transistor gate contact; a second P-channel transistor having 
a second P-channel transistor source contact connected to the fourth P + 

15 region on the second EEPROM cell, a second P-channel transistor drain 
contact, biased at V ss and a first input connected to a second P-channel 
transistor gate contact; and a first N-channel transistor having a first 
N-channel transistor drain contact connected to the second N + region on the 
first EEPROM cell, a first N-channel transistor source contact connected to the 

20 second P-channel transistor drain contact and biased at a voltage V ss , and a 
second input connected to a first N-channel transistor gate contact. The 
device may further include an injector, the injector comprising a region 
wherein the common floating gate penetrates into one or more of the first, 
second, third or fourth channel regions. In some configurations, the 

25 semiconductor material further comprises silicon. In some configurations, the 
insulating substrate further comprises sapphire. In some configurations, the 
insulating substrate further comprises a layer of silicon dioxide. 

In a ninth aspect, the present invention is a semiconductor device 
30 comprising a first island of semiconductor material on an insulating substrate 
wherein the first island of semiconductor material further comprises: a first 
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region and a second region of a first conductivity type separated by a first 
channel region positioned between the first and second regions; and a third 
region and a fourth region of a second conductivity type separated by a 
second channel region positioned between the third and fourth regions. The 
5 device may further include a floating gate positioned over at least a portion 
of each of the first and second channel regions. In some configurations, a 
portion of each of the first and second channel regions coincide. The device 
may further include an inverter configured as a latching sense amplifier, the 
inverter comprising: a second island of semiconductor material on the 

1 0 insulating substrate wherein the second island of semiconductor material 
further comprises a fifth region and a sixth region of the first conductivity 
type separated by a third channel region positioned between the fifth and 
sixth regions; and a third island of semiconductor material on the insulating 
substrate wherein the third island of semiconductor material further comprises 

15 a seventh region and an eighth region of the second conductivity type 
separated by a fourth channel region positioned between the seventh region 
and eighth regions, wherein a voltage V ss is applied to the fifth region of first 
conductivity type, a voltage V dd is applied to the seventh region of second 
conductivity type, and the sixth region of first conductivity type and the 

20 eighth region of second conductivity type are interconnected as an output for 
the latching sense amplifier; wherein the floating gate is positioned over at 
least a portion of each of the first, second, third and fourth channel regions. 
The device may further include an injector, the injector comprising a region 
wherein the floating gate penetrates into one or more of the first or second 

25 channel regions. In some configurations, the semiconductor material further 
comprises silicon. In some configurations, the insulating substrate further 
comprises sapphire. In some configurations, the insulating substrate further 
comprises silicon dioxide. 

30 In a tenth aspect, the present invention is a semiconductor device 

comprising: an island of semiconductor material on an insulating substrate; a 
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first electronic device of a first conductivity type fabricated in the island of 
semiconductor material, the first electronic device comprising: a first device 
source region; a first device drain region; and a first device channel region 
positioned between the first device source region and the first device drain 
5 region; and a second electronic device of a second conductivity type 
fabricated in the island of semiconductor material, the second electronic 
device comprising: a second device source region; a second device drain 
region; and a second device channel region positioned between the second 
device source region and the second device drain region. The device may 

1 0 further include a floating gate positioned over at least a portion of each of the 
first device channel region and the second device channel region. In some 
configurations, a portion of each of the first device channel region and the 
second device channel region coincide. The device may further include an 
injector, the injector comprising a region wherein the floating gate penetrates 

1 5 into one or more of the first device channel region or the second device 
channel region. In some configurations, the semiconductor material further 
comprises silicon. In some configurations, the insulating substrate further 
comprises sapphire. In some configurations, the insulating substrate further 
comprises silicon dioxide. 

20 

In an eleventh aspect, the present invention is a method for fabricating 
a semiconductor device which comprises providing a first island of 
semiconductor material on an insulating substrate wherein the first island of 
semiconductor material further comprises: a first region and a second region 

25 of a first conductivity type separated by a first channel region positioned 
between the first and second regions; and a third region and a fourth region 
of a second conductivity type separated by a second channel region 
positioned between the third and fourth regions. The method may further 
include providing a floating gate positioned over at least a portion of each of 

30 the first and second channel regions. The method may further include 
providing that a portion of each of the first and second channel regions 
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coincide. The method may further include providing an injector, the injector 
comprising a region wherein the floating gate penetrates into one or more of 
the first or second channel regions. In some applications, the method further 
includes providing that the semiconductor material further comprises silicon. 
5 In some applications, the method further includes providing that the insulating 
substrate further comprises sapphire. In some applications, the method 
further includes providing that the insulating substrate further comprises 
silicon dioxide. 

TO In a twelfth aspect, the present invention is a semiconductor device 

comprising: a layer of semiconductor material on an insulating substrate; a 
first electronic device of a first conductivity type fabricated in the layer of 
semiconductor material, the first electronic device comprising a first region 
and a second region of the first conductivity type separated by a first channel 

1 5 region positioned between the first and second regions; a second electronic 
device of a second conductivity type fabricated in the layer of semiconductor 
material, the second electronic device comprising a third region and a fourth 
region of the second conductivity type separated by a second channel region 
positioned between the third and fourth regions; and a common floating gate 

20 positioned over at least a portion of each of the first and second channel 
regions. The device may further include an injector, the injector comprising 
a region wherein the common floating gate penetrates into at least one of the 
first or second channel regions. In some configurations, the semiconductor 
material further comprises silicon. In some configurations, the insulating 

25 substrate further comprises sapphire. In some configurations, the insulating 
substrate further comprises silicon dioxide. In some configurations, the first 
electronic device of the first conductivity type is fabricated in a first island of 
semiconductor material on the insulating substrate and the second electronic 
device of the second conductivity type is fabricated in a second island of 

30 semiconductor material on the insulating substrate. In some configurations, 
the first electronic device of the first conductivity type and the second 
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electronic device of the second conductivity type are fabricated in a single 
island of semiconductor material on the insulating substrate. 

In a thirteenth aspect, the present invention is a method for fabricating 
5 a semiconductor device which comprises: providing a layer of semiconductor 
material on an insulating substrate; fabricating in the layer of semiconductor 
material a first electronic device of a first conductivity type, the first 
electronic device comprising a first region and a second region of the first 
conductivity type separated by a first channel region positioned between the 

10 first and second regions; fabricating in the layer of semiconductor material a 
second electronic device of a second conductivity type, the second electronic 
device comprising a third region and a fourth region of the second 
conductivity type separated by a second channel region positioned between 
the third and fourth regions; and a common floating gate positioned over at 

1 5 least a portion of each of the first and second channel regions. The method 
may further include providing an injector, the injector comprising a region 
wherein the common floating gate penetrates into at least one of the first or 
second channel regions. The method may further include providing that the 
semiconductor material further comprises silicon. The method may further 

20 include providing that the insulating substrate further comprises sapphire. The 
method may further include providing that the insulating substrate further 
comprises silicon dioxide. The method may further include fabricating the first 
electronic device of the first conductivity type in a first island of 
semiconductor material on the insulating substrate and fabricating the second 

25 electronic device of the second conductivity type in a second island of 
semiconductor material on the insulating substrate. The method may further 
include fabricating the first electronic device of the first conductivity type and 
the second electronic device of the second conductivity type in a single island 
of semiconductor material on the insulating substrate. 

30 
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These and other characteristics of the present invention will become 
apparent through reference to the following detailed description of the 
preferred embodiments and accompanying drawings. 

5 

Brief Description of the Drawinas 

Figure 1 . Top view of basic EEPROM storage cell, shown without 
metalization. 

10 

Figure 2. Cross-section view of basic storage cell shown without 
metalization. 



Figure 3. Top view of storage cell including centered CHE injector hole. 

15 

Figure 4. Cross sectional view (through center and along N-channel) 
of storage cell with centered CHE injector. 



Figure 5. Cross sectional view of avalanche injection mechanism for 
20 N-channel device; the applied voltage V DS must exceed the avalanche voltage 
of the drain. 



Figure 6. CHE injection mechanism as shown by a cross section 
through an N+ region and aP+ region. 

25 

Figure 7. EEPROM cell with increased aspect ratio for N-channel 
device. 



30 



Figure 8. EEPROM cell with multiple Si islands for a single floating 

gate. 
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Figure 9. EEPROM cell with multiple read or write ports. 

Figure 10. EEPROM cell with integrated inverter serving as a latching 
sense amp. 

5 

Figure 1 1 . EEPROM cell with integrated NAND gate with the cross- 
hatched areas representing interconnects for the NAND logic function. 

Figure 12. EEPROM cell used as a storage node and pass gate for a 
10 programmable interconnect. 

Figure 1 3. Use of two EEPROM cells to provide a content addressable 
memory cell. 

15 

Detailed Description of the Preferred Embodiments 
Physical description 

20 Figure 1 shows a top view of the current invention 10. As shown in 

Figures 1 and 2, embodiment 10 comprises a single island of silicon 20 on an 
insulating substrate 30, for example sapphire or silicon dioxide. In all steps 
and layers defined below, the processing occurs during the standard CMOS 
process step, i.e., there are no steps or layers added to the standard CMOS 

25 flow. The silicon island 20 can be defined by either LOCal Oxidation of 
Silicon (LOCOS) or mesa isolation techniques. The aspect ratios and shape 
may be different than the detailed one shown, but a symmetric one is shown 
here for convenience of discussion. 

30 The island 20 may then receive a threshold adjust implant or it can 

remain intrinsic (i.e., no implant), as assumed in this discussion. Then a gate 
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oxide 24 is grown and polysiiicon is patterned as a floating gate 40. Either 
N+ or P+ polysiiicon can be used and it can be silicided or not. In this case, 
it is assumed to be N 4- polysiiicon. Following polysiiicon gate patterning, 
Lightly Doped Drain (LDD) implants 50 and sidewall spacers 60 are formed 
5 followed by N+ and P+ regions 70, 80, as shown. The device is contacted 
by aluminum metalization (not shown) at the N + and P+ regions 70, 80. 
Obviously, no contact is made to the floating gate 40. A top view of the 
basic storage cell 1 0 is shown in Figure 1 . 

10 Figure 2 shows a cross sectional view of the storage cell 10, cutting 

through the N-channel device 70. The P-channel device 80 is the same, 
except the N-h region 70 would be P+. Throughout this description, the N- 
channel device 70 will be described with the understanding that the P-channel 
80 is essentially the same unless differences are described. The device 

1 5 described in Figure 1 and Figure 2 is the basic storage cell 1 0. Charge is 
injected onto the floating gate 40 where it is stored until charge of the 
opposite polarity is injected. Once on the floating gate 40, the charge 
remains permanently since the floating gate 40 is encased in silicon dioxide. 
It can also be seen from Figure 1 and Figure 2 that the device 10 is 

20 manufactured with a standard, unmodified CMOS process. It can also be 
seen that the structure 1 0 can only be made in SOI material due to the folded 
nature of the N-channel and P-channel devices 70, 80. As will be seen, the 
device 1 0 is further enhanced if the MOS transistors 70, 80 are fully depleted. 
If this structure 10 were manufactured in bulk Si, the substrate 30 would 

25 have to be either P-type or N-type to provide junction isolation for either the 
N + or P+ Source/Drain (S/D) regions 70, 80, respectively. However, while 
providing junction isolation for one of the transistors 70, 80, the same polarity 
would short the other S/D region 70, 80 through the substrate 30. It is the 
insulating substrate nature of the SOI substrate 30 which enables this 

30 structure 10 to provide both N- and P- channel devices 70, 80. 



WO 00/60665 




CT/US00/08835 



- 22 - 

Figure 3 and Figure 4 show top and side views of an alternate structure 
100 which differs from that shown in Figure 1 and Figure 2 by the addition 
of an injector region 1 10 in the channel 122 of the storage cell 100. The 
injector 110 is a hole in the channel 1 22 formed during the island 20 
5 formation stage. If the CMOS process is mesa isolated process, the injector 
1 1 0 inherently penetrates to the insulating layer 30. If the process is LOCOS 
isolated, the injector 1 10 can be designed to penetrate to the insulating layer 
30 or partially through the silicon channel 122. In Figure 4 the injector 110 
is shown penetrating to the insulating layer 30. 

10 

Operation 

There are two different mechanisms of operation: avalanche injection 
and channel hot electron (CHE) tunneling. Devices with and without the 
1 5 injector 1 10 can operate under avalanche injection while the injector 1 10 is 
necessary to enhance CHE injection. Avalanche injection will be described 
first. 

Avalanche injection 

20 

Figure 5 depicts the avalanche injection mechanism for the N-channel 
device 70. The P-channel device 80 operates the same way, except polarities 
of voltages, currents and charge carriers are all reversed. For the N-channel 
device 70, a voltage V DS is applied between the two N+ regions 70S, 70D. 

25 Since the device 10 is completely floating, the only issue is the magnitude of 
the voltage drop between these regions 70S, 70D, not their absolute value 
with respect to the nearest ground. By definition, the most positive terminal 
will function as the drain 70D, (for the P-channel 80, the most negative 
terminal would function as the drain) so the applied voltage will be called V DS . 

30 The voltage on the gate 40 with respect to the most negative terminal will be 
called V—;. 



WO 00/60665 




dVUSOO/08835 



-23 - 



Figure 5 shows the behavior of the device 10 when V DS > V AV , where 
V AV is defined as the voltage at which avalanche multiplication starts to occur 
at the drain 70D. Under these conditions, electron-based leakage current 1 40 
transfers from the source 70S to the drain 70D where they encounter the high 
5 electric field which induces avalanche multiplication. Avalanche multiplication 
is the quantum mechanical mechanism in which a high energy carrier (either 
electron or hole) interacts with a material (in this case the silicon) imparting 
enough energy to create a hole-electron pair 142h, 142e. The result is that 
the original particle 140 has now been multiplied to three: in this case one 

10 electron 140 is now two electrons and a hole 140, 142e, 142h. The two 
electrons 1 40, 1 42e may undergo the process many times, thereby increasing 
the current by orders of magnitude, hence the name. The mechanism is 
triggered by a critical electric field and is characterized by an almost 
instantaneously sharp increase in device current. It is also characterized in a 

1 5 MOSFET by a transition from conduction by a single carrier type (electrons in 
N-channel devices, holes in P-channel devices) to conduction by both carrier 
types (holes and electrons in both types of devices). Finally, the generated 
hole-electron pair 1 42h, 1 42e is often created with excess energy, thereby 
creating so called "hot" electrons and holes. When these characteristics are 

20 combined with a strong electric field from the drain 70D toward the floating 
gate 40, so-called hot carrier (hot holes in this case) injection occurs. 

The polarity of hot carrier injection is such that the N-channel device 70 
injects avalanche generated holes 142h onto the floating gate 40 which in 

25 turn charge the gate 40 positively with respect to its previous charge state of 
the N-channel device 70. When the applied V DS is removed, the gate 40 
remains positively charged with respect to the entire N-channel device 70 
since the channel is then at a uniform potential. With a stored positive charge 
on the gate 40, the N-channel device 70 is "on" and the P-channel device 80 

30 is "off". Hence, the EEPROM cell 10 is now programmed to a "positive" 
("+") state, arbitrarily defined herein as a "one" or "high". 
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The mechanism is the same for the P-channel device 80 wherein a 
voltage is applied to V DS sufficient to induce avalanche multiplication at the 
most negative terminal (but again not necessarily negative with respect to the 
nearest ground). In this case, normal holes create avalanche induced hole- 
5 electron pairs, the holes of which continue the avalanche mechanism. The 
hot electrons are accelerated by the now reversed electric field and are 
injected into the floating gate 40, thereby charging the gate 40 negatively 
with respect to the silicon. With a stored negative charge on the gate 40, the 
P-channel device 80 is "on" and the N-channel device 70 is "off". Hence, the 
10 EEPROM cell 10 is now programmed to a "negative" ("-") state, arbitrarily 
defined herein as a "zero" or "low". 

Reading the state of the device 70, 80 is accomplished by applying a 
voltage to either the N-channel or P-channel MOSFET 70, 80. However, 

1 5 reading is affected by whether the device 70, 80 is fully depleted or partially 
depleted. In the fully depleted case, when one transistor 70 or 80 is "on", 
the other transistor 80 or 70, respectively, is inherently "off", a combination 
which is very valuable for numerous applications. For a partially depleted 
device, a conduction channel of one polarity exists under the depletion (and 

20 inversion) region near the silicon-insulator interface 1 50. This means both 
transistors 70, 80 would be "on" but with different drive strengths. The 
advantages of the fully depleted condition are sufficient that for the remainder 
of this document such a state will be assumed. However, it is recognized 
that fully depleted operation is an enhancement but it is not necessary to the 

25 basic EEPROM operation. There may even be applications or conditions 
wherein the partially depleted condition is preferable. 

If a voltage is applied between the N+ or P+ terminals 70, 80, a 
current would be measured to read the device 70, 80. If a voltage is applied 
30 to one N+ or P+ terminal 70, 80, a voltage could be measured at the other 
N 4- or Pr terminal 70, 80, respectively. For example if the gate 40 is stored 
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positively, the N-channel 70 is "on" and the P-channel 80 is "off". A voltage 
applied to the NMOSFET 70 would result in high current (typically many 
microamps) while a voltage applied to the PMOSFET 80 would result in low 
current (typically picoamps). Either one can serve as the reading signal. If a 
5 voltage is applied to one N + region 70, the voltage would be measured at the 
other N+ region 70 since the channel is in the n-type conduction state (i.e., 
it is accumulated with electrons). If a voltage is applied to one P + region 80, 
the voltage would not be measured at the other P + region 80 since the 
channel is in the n-type conduction state (i.e., it is accumulated with 

10 electrons) which holds the PMOS device 80 "off". The mechanism would be 
the same with reversed polarities if the device were programmed to a 
state, i.e., voltage or current would pass through the PMOS device 80 and the 
NMOS device 70 would block such signals. Hence reading can be 
accomplished through either N or P type conduction and for either " + " or 

1 5 stored charge. 

There are obviously many variations on the details described above. 
For example, the voltage was applied to the N or P MOS devices 70, 80. 
However, the avalanche mechanism could also have been triggered by a 

20 reverse bias applied to any of the diodes present in the structure (in this case 
a positive voltage would be applied to either N + region 70 with respect to 
either of the P+ regions 80. Also, the aspect ratio of the device 10, 100 
could be altered; the shape could be different; doping concentrations in the 
channel 122, LDD 50, N + and P+ regions 70, 80 could be changed; the 

25 shape of the silicon island 20 with respect to the floating <jate 40 could be 
changed and virtually every aspect of the device 10, 100 could be modified 
to affect performance on writing voltage, speed, power consumption, charge 
storage, etc. in accordance with standard design practice. The purpose of 
this document is only to define the basic mechanisms without implying any 

30 restrictions on various options. 



WO 00/60665 




CT/USOO/08835 



- 26 - 

With both mechanisms available to the same floating gate 40, the 
device 10, 100 can be electrically programmed to both a "high" and a "low" 
state. This is a capability which was not available to original avalanche 
induced EPROM devices which in turn required UV erasure. It was the same 
5 limitation which forced a dual gate solution to be sought to provide EEPROM, 
thereby adding the disadvantages discussed above. In the current device 10, 
1 00, it can be seen that no additional processing steps are required to provide 
full EEPROM capability. 

1 0 Channel Hot Carrier fCHCJ inject/on 

Figure 6 shows an alternative mechanism for writing both polarity 
charges onto the floating gate 40. The mechanism is based on using the 
excess energy and momentum of carriers provided by either a forward biased 
1 5 diode 1 70, 1 80 or a conducting MOS transistor. Figure 6 shows the case of 
a forward biased diode 1 70, 1 80 since both an N + 1 70 and a P 4- 1 80 region 
are shown. If both doped regions 170, 180 were the same polarity, the 
devices would be MOSFETs instead of diodes, and the current flow would be 
only of the same polarity as the S/D doped regions. 

20 

When the diode 170, 180 is forward biased, electrons 1 90e are 
injected by the N + region 170 and holes 1 90h are injected from the P + 
region 1 80. They recombine with each other as they traverse the length of 
the device. Remembering that the injector 1 1 0 is in the center of the device 
25 170, 180, most of the diode current passes around the injector 110. 
However, for current which encounters the injector 110, some of the charge 
will have sufficient energy and momentum to penetrate the gate oxide 24 
onto the floating gate 40, thereby charging the floating gate 40. 

30 Since both holes 1 90h and electrons 190e are involved in diode 

current, both may be injected onto the floating gate 40. Hence the physical 
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location of the injector 110 with respect to the diode junctions along with the 
relative concentrations of holes 1 90h and electrons 1 90e at the injector 110 
will determine which polarity carrier will be injected in the majority which in 
turn determines the polarity of net charge on the floating gate 40. (For 
5 MOSFET injection, this issue does not exist since its conduction is unipolar, 
i.e., majority carriers only). 

The CHC injection mechanism offers several advantages. This 
mechanism operates at very low voltages, in theory requiring only 0.7 V to 
start the injection process in the case of diode injection, and even less for 
MOSFET injection. Writing efficiency and speed will determine the actual 
voltages used, since higher voltage will increase the current and associated 
injection current. Operation at such low voltages eliminates the need for any 
charge pumps and also increases reliability of the device 100. It also solves 
a long-term problem of providing EEPROM for space applications which can 
be destroyed if during a high voltage writing step a high energy particle 
penetrates the cell. Under these circumstances a traditional EEPROM cell can 
be physically destroyed, an issue which has limited the use of EEPROM in 
satellites and other radiation sensitive applications. 

The injection current also occurs in proportion to the silicon device 
current (diode or MOSFET), so the amount of charge on the gate 40 can be 
controlled by controlling the device current. This will enable both control of 
overwriting and it also enables an analog memory capability in addition to the 
digital EEPROM discussed above. 

Also, in the case of diode injection, both polarity carriers are available, 
so multiple design options can be considered for the cell 100 based on 
injector 110 locations (there can be multiple injectors 110), dopant 
30 concentrations in the LDD 50 and channel regions 1 22 and size and location 
of the floating gate 40 with respect to the silicon channel 1 22. 
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How the charge was injected does not affect how the cell's state is 
read. Hence, reading the cell 100 is the same as discussed above for the 
avalanche injection. A difference is if the device current is measured, 
presence of the injector 110 reduces the amount of current resulting from a 
5 given applied voltage. 

Alternatives 

Structural variations 

10 

The top views shown in Figure 1 and Figure 3 can be modified in 
virtually all dimensions as well as in the number of contact points. For 
example, either the N- or P- channel device 70 f 80 could be longer or wider 
to enhance read or write strength (see embodiment 10A in Figure 7). 
1 5 Additionally, the silicon island 20 could be separated into multiple sections 
20a, 20b, 20c to provide multiple read or write points for a single cell 10B or 
multiple strength read or write signals (see embodiment 1 0B in Figure 8). 
Also, the device could be designed to have multiple contact regions (see 
embodiment 10C in Figure 9). The channel regions 1 22 could also have non- 
20 uniform dopant concentrations. For example the channel region 1 22 adjacent 
the LDD 50 for either polarity transistor could have different amount and type 
of dopant to enhance either read or write performance. Some of these ideas 
are demonstrated in Figure 7, Figure 8, and Figure 9. 

25 More complex and integrated structures can also be designed. Figure 

10 shows a storage cell with an integrated inverter 200 driven by the floating 
gate 40. This structure functions as a memory cell with integrated sense amp 
and latch. If the floating gate 40 is charged positively the N-channel device 
is "on", the P-channel is "off" and the output will be "low" (inverter function). 

30 If the floating gate 40 is charged negatively the N-channel is "off", the 
P-channel is "on" and the output will be "high" (the other inverter state). This 
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therefore represents a memory cell with an integrated sense amp and data 
latch. Hence the read mechanism will be simple, fast and can be included in 
any location in an integrated circuit. 

5 Additional logic functions can also be designed. By providing two 

floating gates 40a, 40b over multiple islands 20a, 20b, 20c, 20d, complex 
logic can be driven by the stored charge on the gates 40a, 40b. An example 
is shown in Figure 1 1 wherein a two-section floating gate 40a, 40b provides 
the input to a 2 input NAND gate 300. In Figure 1 1 , the cross hatched area 
10 represents interconnects 320 for the NAND logic function. Functioning is 
similar to the inverter 200 described above, except the logic function is the 
more complex 2 input NAND. Obviously very complex logic can be included 
with the EEPROM cell. 

1 5 These variations as shown above are on structures without injectors 

1 10. Obviously it is possible to consider combinations of both, i.e., regions 
without injectors 1 1 0 written with avalanche injection and regions with 
injectors 110 written with CHC injection. Such structures could combine 
digital and analog memory, fast and slow write options and many other uses. 

20 It is also possible to consider variations of the number, location, and size of 
the injectors 1 10. Since N + regions inject electrons and P+ regions inject 
holes, injector spacing and design will affect carrier injection performance. A 
hole near aP+ region will receive increased hole injection while one near an 
N+ region will receive increased electron injection. 

25 

Also, the size and depth of the injector 1 1 0 will also affect injector and 
cell performance. Larger full-depth injectors will increase carrier injection but 
decrease read current. Injectors which penetrate only partially through the 
silicon film 20 could see reduced carrier injection but increase read current. 



30 
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Clearly there are many more implementations of the cell 1 0, 1 00, 200, 
300 which can be considered and utilized for multiple applications. The 
purpose of these figures is to select only a few without creating any limitation 
on other designs which could impact other applications. 

Operational variations 

There are also other methods of writing or reading the cells 10,1 00, 
200, 300. For example, since the gate material is the same for both the 
NMOS device 70 and the PMOS device 80, the difference in threshold 
voltages of these two devices will be approximately equal to the band gap of 
silicon, or approximately 1 V. Therefore the device can be programmed to a 
third unique state by storing a voltage between the two threshold voltages. 
Under such conditions, both the NMOS 70 and PMOS 80 device will be "off", 
which is different from the previously discussed states of one transistor 
always "on". This operation would be a tri-state (or trinary) memory cell 
which has many potential uses. The most obvious is that the effective 
memory density would be increased by 50% (3 pieces of information per cell 
versus 2). Multi-state logic has received much attention in the literature, and 
this cell could find use in such architectures. 

There is an additional feature of this device which needs to be 
discussed. When the cell 10, 100, 200, 300 is manufactured, the floating 
gate 40 may have little or no charge on it. However, after programming, the 
channel region 1 22 is accumulated with either holes or electrons. The polarity 
of the charge dictates where the metallurgical junctions are located. That is, 
if the channel 1 22 is accumulated with holes they form a diode junction at the 
N + regions 70 (and there is no junction at the P+ region 80). Conversely, 
if the channel 1 22 is accumulated with electrons they form a diode junction 
at the P+ regions 80 (and there is no junction at the N+ region 70). This 
affects design of the injector 110 for ballistic injection since the junction 
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location is determined by the charge state of the floating gate 40. For 
example if the floating gate 40 is positively charged, the channel 122 is 
accumulated with electrons and an injector near an N + region 70 would not 
be at the metallurgical junction. For a negatively charged floating gate 40, 
5 such an injector 1 1 0 would be at the metallurgical junction. Since the injector 
efficiency is affected by the surrounding charge type and electric field this 
effect must be included in cell 10, 100, 200, 300 design. 

Avalanche injection is not affected by the location of the metallurgical 
10 junction since it will be reverse biased regardless of its physical location. 
However, the breakdown characteristics of the junction are determined by the 
carrier concentration on both sides of the metallurgical junction. One side is 
set by the LDD 50 doping concentration while the other side is determined by 
the carrier concentration induced by the floating gate 40. There is an 
1 5 optimum carrier concentration for carrier injection. If the carrier concentration 
is low, the avalanche voltage will be relatively high. If the carrier 
concentration is too high, however, gate induced drain leakage (GIDL) can 
occur which can prevent avalanche breakdown. This would prevent 
avalanche carrier injection. 

20 

This effect can have a benefit by self-limiting avalanche injection. 
Avalanche injection increases carrier concentration until the GIDL effect 
swamps the avalanche effect as the dominant junction breakdown 
mechanism. Without avalanche multiplication, there are no hot carriers and 
25 charge injection onto the floating gate 40 ceases, thereby limiting the total 
amount of charge injected. By properly designing the cell 1 0, 1 00, 200, 300, 
this mechanism can ensure accurate writing levels and prevent over-writing. 

Additional applications 

30 
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With the ability to include logic with EEPROM, multiple applications are 
possible. Two specific ones are described herein simply to show the 
flexibility, and not to imply any limitation on other applications. 

5 The first such application, shown in Figure 12, is to use the basic cell 

10 shown in Figure 1 as a combined storage and connection node 400 for 
products such as field programmable gate arrays (FPGA). In such products, 
two wires are either connected or not connected according to a signal routing 
plan determined by the user. Often, an SRAM cell is used to store the 
10 information and a pass gate is used to allow bi-directional signal flow when 
a connection is programmed. The application 400 is shown in Figure 12. 
Two interconnect wires 420a, 420b make contact to the NMOS portion 70 
of the EEPROM cell. In this case the wires 420a, 420b are parallel but an 
orthogonal structure is simply a layout variation of Figure 12. 

15 

Operation is quite simple. If the EEPROM cell is programmed with a 
positive charge, the NMOS device 70 is "on" and it makes a connection 
between the two wires 420a, 420b. Since the conducting channel 1 22 is on 
an insulating substrate 30, it serves as a bi-directional interconnect with equal 

20 rise and fall time performance. The speed, or current carrying capacity would 
be controlled by adjusting the aspect ratio as shown in Figure 7 or increasing 
the number of contacts and current by using a cell 1 OC as shown in Figure 9. 
If the EEPROM cell is programmed with a negative charge, the NMOS device 
70 is "off" thereby breaking the connection between the two wires 420a, 

25 420b. Advantages of the concept are that one device serves two functions, 
the area is very small, increasing density and lowering cost, it adds no 
additional processing to the FPGA process and the programming is non- 
volatile. 
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Illustration of a second novel application is shown in Figure 13: a 
content addressable memory, or CAM, 500. As in all illustrations in this 
document, this one shows only one embodiment, with many others possible. 

5 The device 500 in Figure 1 3 operates by comparing a stored state on 

the floating gate 40 against the state of A, shown as inputs to the two 
transistors 508a, 508b. It is pointed out that the right hand transistor 508b 
is a P-channel device. It is also necessary to note that while there are two 
separate Si islands 520a, 520b, the floating gates 540a, 540b are connected 
10 together to ensure they have the same polarity and amount of charge. It is 
also pointed out that the storage cells 510a, 510b are connected to the 
output node 550 at different polarities, i.e., the left hand 510a one is 
connected to an N + node while the right hand one 510b is connected to a 
P + node. 

15 

The logic operation is essentially that of a dynamic exclusive NOR. 
That is, the output is in one state if the EEPROM matches "A" while the 
output is in the opposite state if the EEPROM does not match "A". Referring 
to Figure 1 3, the clock 554 signal pulls the output node "high" prior to arrival 

20 of the signal to be matched on A. When the signal arrives, if the EEPROM 
floating gate 540 is positive and A is "high" (positive), then the left EEPROM 
cell 510a is "on" and the N-channel transistor 508a is "on", pulling down the 
output node, indicating a match. Meanwhile the right hand EEPROM 510b is 
"off" (it is attached to the P+ node), so no current flows through that 

25 section. If the EEPROM were positive and A were "low", the left hand 
EEPROM 510a would still be "on", but the N-channel device 508a would be 
"off", keeping the output "high", indicating a mismatch. The right hand 
EEPROM 51 Ob is still "off", so the output stays "high", indicating a mismatch. 

30 Continuing the analysis, if the EEPROM floating gate 540 is charged 

negative, the left hand cell 510a is "off" and no current flows through that 
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section, regardless of the value of A. However, the right hand EEPROM 51 Ob 
is now "on" and if A is low since that will turn on the P-channel device 508b. 
This pulls down the output node, indicating a match. Finally if A is "high", it 
shuts off the P-channel transistor 508b, the output stays "high", indicating 
5 a mismatch. 

The combination of these states is that the output is "low" if the 
EEPROM stored state matches the A state and the output is "high" if the 
EEPROM does not match A. It is pointed out that this structure could also be 

1 0 made using a contacted gate with a second input, B, in place of the floating 
gate 540 to make an XOR structure. While the structure would work in bulk 
Si, the body effect in the P-channel devices would cause asymmetric speed 
with respect to matching one's versus matching zero's. Also this effect 
causes a voltage drop equal to a threshold voltage, which also could cause 

1 5 errors or reduce noise margin. Hence the device will work very well in fully 
depleted SOI while it would work marginally or not at all in bulk Si. 

This cell 500 could therefore clock data through and detect matches. 
If a number (say 8, i.e., a byte) of them were put in series, a byte-level match 
20 would be required to pull the output low. Or the outputs of many such cells 
could be deciphered by combinational logic (for example an 8-bit NAND or 
equivalent) to provide byte level content addressing. 

Such capability is widely used for large data base systems and for 
25 packet-based communications systems. In the former, finding records based 
on their information content can be much more efficient than retrieving 
records by address then reading and interpreting the data in software. For the 
communications system application, data packets contain address information 
which determines the data's destination. If such data streams were compared 
30 in hardware to known addresses, the routing could be performed entirely in 
hardware which is both faster and cheaper than alternative methods. 
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Summary, Ramifications and Scope 

Although the description above contains many specificities, these 
5 should not be construed as limiting the scope of the invention but as merely 
providing illustrations of some of the presently preferred embodiments of this 
invention. For example, there are many variables which can be used to 
optimize performance or power, speed, voltage, manufacturability, retention, 
and noise margin, radiation hardness, cell size and others. These variables 

10 include, size, shape, location and orientation of N + , P + , LDD's, islands, 
injector sites, poly gate layer and contacts. Also, doping choices and levels 
as well as gate oxide thickness and island thickness can be modified. 
Operating voltages and currents can also be used to optimize performance. 
All such variations are envisioned in this invention. Also, any silicon or Si/Ge 

15 layers which support MOS devices on any insulator can be used. 

Thus, the scope of the invention should be determined by the appended 
claims and their legal equivalents, rather than by the foregoing description and 
examples given. All changes which come within the meaning and range of 
20 equivalency of the claims are to be embraced within their scope. 
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CLAIMS: 



1 . A semiconductor device comprising: 
2 an island of semiconductor material on an insulating substrate; 

a first electronic device of a first conductivity type fabricated in 
4 said island of semiconductor material, said first electronic device 

comprising: 

6 a first device source region; 

a first device drain region; and 
8 a first device channel region positioned between said first 

device source region and said first device drain region, wherein 
10 a portion of said first device channel region is a common channel 

region; 

12 and 

a second electronic device of a second conductivity type 
14 fabricated in said island of semiconductor material, said second 

electronic device comprising: 
16 a second device source region; 

a second device drain region; and 
18 a second device channel region positioned between said 

second device source region and said second device drain 
20 region, wherein a portion of said second device channel region 

includes said common channel region. 



2. A semiconductor device as defined in claim 1 further comprising 
2 a common floating gate positioned over at least a portion of each of said first 
device channel region and said second device channel region, said common 
4 floating gate further comprising: 

a gate insulating layer positioned adjacent said common channel 
6 region; and 
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a gate conductive layer positioned adjacent said gate insulating 

8 layer. 

3. A semiconductor device as defined in claim 2 wherein said gate 
2 insulating layer further comprises an oxide layer and said gate conductive 

layer further comprises a polysilicon layer. 

4. A semiconductor device as defined in claim 2 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into said common channel region such that said injector is 
4 surrounded by said common channel region. 

5. A semiconductor device as defined in claim 2 wherein said 
2 semiconductor device further comprises an Electrically Erasable Programmable 

Read Only Memory, called EEPROM, device. 

6. A semiconductor device as defined in claim 1 wherein said 
2 semiconductor material further comprises silicon. 

7. A semiconductor device as defined in claim 1 wherein said 
2 insulating substrate further comprises sapphire. 

8. A semiconductor device as defined in claim 1 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 

9. A semiconductor device comprising: 

2 a first island of semiconductor material on an insulating substrate 

wherein said first island of semiconductor material further comprises: 
4 a first region and a second region of a first conductivity 

type separated by a first channel region positioned between said 
6 first and second regions; and 
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a third region of a second conductivity type which is 
8 adjacent to said first channel region; 

a second island of semiconductor material on said insulating 
10 substrate wherein said second island of semiconductor material further 

comprises a fourth region and a fifth region of said first conductivity 
1 2 type separated by a second channel region positioned between said 

fourth and fifth regions; 
14 a third island of semiconductor material on said insulating 

substrate wherein said third island of semiconductor material further 
1 6 comprises: 

a sixth region and a seventh region of said first 
1 8 conductivity type separated by a third channel region positioned 

between said sixth and seventh regions; and 
20 an eighth region of said second conductivity type which 

is adjacent to said third channel region; 

22 and 

a floating gate common to said first, second and third channel 
24 regions, said common floating gate further comprising: 

a gate insulating layer positioned adjacent said first, 
26 second and third channel regions; and 

a gate conductive layer positioned adjacent said gate 
28 insulating layer. 

10. A semiconductor device as defined in claim 9 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into at least one of said first, second or third channel regions. 

11. A semiconductor device as defined in claim 9 wherein said 
2 semiconductor material further comprises silicon. 
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12. A semiconductor device as defined in claim 9 wherein said 
2 insulating substrate further comprises sapphire. 

13. A semiconductor device as defined in claim 9 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 

14. A multiport semiconductor device comprising: 

2 an island of semiconductor material on an insulating substrate 

wherein said island of semiconductor material further comprises: 
4 a first region and a second region of a first conductivity 

type separated by a first channel region positioned between said 
6 first and second regions; 

a third region of a second conductivity type which is 
8 adjacent to said first channel region; 

a fourth region and a fifth region of said first conductivity 
10 type separated by a second channel region positioned between 

said fourth and fifth regions; 
12 a sixth region of said second conductivity type which is 

adjacent to said second channel region; 

14 and 

a floating gate common to said first and second channel regions. 

15. A semiconductor device as defined in claim 14 wherein said 
2 common floating gate further comprises: 

a gate insulating layer positioned adjacent said first and second 
4 channel regions; and 

a gate conductive layer positioned adjacent said gate insulating 

6 layer. 



WO 00/60665 



CT/USOO/08835 



- 40 - 



16. A semiconductor device as defined in claim 14 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into at least one of said first or second channel regions. 

17. A semiconductor device as defined in claim 14 wherein said 
2 semiconductor material further comprises silicon. 

18. A semiconductor device as defined in claim 14 wherein said 
2 insulating substrate further comprises sapphire. 

19. A semiconductor device as defined in claim 14 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 

20. An EEPROM cell with integrated inverter serving as a latching 
2 sense amplifier semiconductor device, said device comprising: 

an EEPROM cell formed on a first island of semiconductor 
4 material on an insulating substrate wherein said EEPROM cell further 



comprises: 



8 



a first region and a second region of a first conductivity 
type separated by a first channel region positioned between said 
first and second regions; and 



10 



a third region of a second conductivity type which is 
adjacent to said first channel region; 



an inverter configured as a latching sense amplifier comprising: 



12 



16 



14 



a second island of semiconductor material on said 
insulating substrate wherein said second island of semiconductor 
material further comprises a fourth region and a fifth region of 
said first conductivity type separated by a second channel region 
positioned between said fourth and fifth regions; and 



18 



a third island of semiconductor material on said insulating 
substrate wherein said third island of semiconductor material 
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further comprises a sixth region and a seventh region of said 
second conductivity type separated by a third channel region 
positioned between said sixth and seventh regions, wherein a 
voltage V ss is applied to said fourth region of first conductivity 
type, a voltage V dd is applied to said sixth region of second 
conductivity type, and said fifth region of first conductivity type 
and said seventh region of second conductivity type are 
interconnected as an output for said latching sense amplifier; 

and 

a floating gate common to said first, second and third channel 
regions. 

21 . A semiconductor device as defined in claim 20 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into one or more of said first, second or third channel regions. 

22. A semiconductor device as defined in claim 20 wherein said 
2 semiconductor material further comprises silicon. 

23. A semiconductor device as defined in claim 20 wherein said 
2 insulating substrate further comprises sapphire. 

24. A semiconductor device as defined in claim 20 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 

25. An EEPROM cell with integrated NAND gate semiconductor 
2 device, said device comprising: 

a first EEPROM cell formed on a first island of semiconductor 
4 material on an insulating substrate wherein said first EEPROM cell 

further comprises: 



20 
22 
24 
26 
28 
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10 
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14 
16 
18 
20 
22 
24 
26 
28 
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32 
34 
36 



a first region and a second region of a first conductivity 
type separated by a first channel region positioned between said 
first and second regions; and 

a third region of a second conductivity type which is 
adjacent to said first channel region; 

a second EEPROM cell formed on a second island of 
semiconductor material on said insulating substrate wherein said 
second EEPROM cell further comprises: 

a fourth region and a fifth region of said first conductivity 
type separated by a second channel region positioned between 
said fourth and fifth regions; and 

a sixth region of said second conductivity type which is 
adjacent to said second channel region; 

a third island of semiconductor material on said insulating 
substrate wherein said third island of semiconductor material further 
comprises a seventh region, an eighth region and a ninth region of said 
first conductivity type wherein said seventh and eighth regions are 
separated by a third channel region positioned between said seventh 
and eighth regions and said eighth and ninth regions are separated by 
a fourth channel region positioned between said eighth and ninth 
regions; 

a fourth island of semiconductor material on said insulating 
substrate wherein said fourth island of semiconductor material further 
comprises a tenth region, an eleventh region and a twelfth region of 
said second conductivity type wherein said tenth and eleventh regions 
are separated by a fifth channel region positioned between said tenth 
and eleventh regions and said eleventh and twelfth regions are 
separated by a sixth channel region positioned between said eleventh 
and twelfth regions, wherein a voltage V ss is applied to said seventh 
region of first conductivity type, a voltage V dd is applied to said tenth 
region of second conductivity type, and said ninth region of said first 
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conductivity type and said eleventh region of said second conductivity 
38 type are interconnected as an output for a NAND logic function; 

a first floating gate common to said first, third and fifth channel 
40 regions; and 

a second floating gate common to said second, fourth and sixth 
42 channel regions. 

26. A semiconductor device as defined in claim 25 further comprising 
2 at least one injector, said injector comprising a region wherein either one or 

both of said first common floating gate or said second common floating gate 
4 penetrates into said first or second channel region, respectively. 

27. A semiconductor device as defined in claim 25 wherein said 
2 semiconductor material further comprises silicon. 

28. A semiconductor device as defined in claim 25 wherein said 
2 insulating substrate further comprises sapphire. 

29. A semiconductor device as defined in claim 25 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 



30. A semiconductor device comprising: 
2 an island of semiconductor material on an insulating substrate 

wherein said island of semiconductor material further comprises: 
4 a first region and a second region of a first conductivity 

type separated by a channel region positioned between said first 
6 and second regions; and 

a third region of a second conductivity type which is 
8 adjacent to said channel region; 

and 

10 a floating gate positioned over said channel region. 
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31. A semiconductor device as defined in claim 30 further comprising 
2 an injector, said injector comprising a region wherein said floating gate 

penetrates into said channel region. 

32. A semiconductor device as defined in claim 30 wherein said 
2 semiconductor material further comprises silicon. 

33. A semiconductor device as defined in claim 30 wherein said 
2 insulating substrate further comprises sapphire. 

34. A semiconductor device as defined in claim 30 wherein said 
2 insulating substrate further comprises silicon dioxide. 

35. A semiconductor programmable interconnect device, said device 
2 comprising: 

an EEPROM cell formed on an island of semiconductor material 
4 on an insulating substrate wherein said EEPROM cell further comprises: 



a first region and a second region of a first conductivity 
type separated by a first channel region positioned between said 
first and second regions; 



10 



a third region and a fourth region of a second conductivity 
type separated by a second channel region positioned between 
said third and fourth regions; and 



12 



a floating gate common to said first and second channel 
regions; 



a first interconnect in electrical contact with said first region of 



14 



said first conductivity type; 



and 



16 



a second interconnect in electrical contact with said second 



region of said first conductivity type. 
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36. A semiconductor device as defined in claim 35 further 
2 comprising: 

a third interconnect in electrical contact with said third region of 
4 said second conductivity type; 

and 

6 a fourth interconnect in electrical contact with said fourth region 

of said fourth conductivity type. 

37. A semiconductor device as defined in claim 35 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into at least one of said first or second channel regions. 

38. A semiconductor device as defined in claim 35 wherein said 
2 semiconductor material further comprises silicon. 

39. A semiconductor device as defined in claim 35 wherein said 
2 insulating substrate further comprises sapphire. 

40. A semiconductor device as defined in claim 35 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 



41 . A semiconductor content addressable memory cell (CAM) device 
2 comprising: 

a first EEPROM cell formed on a first island of semiconductor 
4 material on an insulating substrate wherein said first EEPROM cell 

further comprises: 

6 a first EEPROM cell N-channel device which includes a 

first N+ region and a second N+ region separated by a first 

8 channel region positioned between said first and second N + 

regions; 
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a first EEPROM cell P-channel device which includes a first 
P+ region and a second P+ region separated by a second 
channel region positioned between said first and second P + 
regions; 

a second EEPROM cell formed on a second island of 
semiconductor material on said insulating substrate wherein said 
second EEPROM cell further comprises: 

a second EEPROM cell N-channel device which includes a 

third N+ region and a fourth N+ region separated by a third 

channel region positioned between said third and fourth N-f 

regions; 

a second EEPROM cell P-channel device which includes a 
third P+ region and a fourth P+ region separated by a fourth 
channel region positioned between said third and fourth P + 
regions; 

a common floating gate positioned adjacent said first, second, 
third and fourth channel regions; 

a first interconnect in electrical contact with said first N + region 
on said first EEPROM cell and said third P + region on said second 
EEPROM cell; 

a first P-channel transistor having a first P-channel transistor 
source contact biased at a voltage V DD , a first P-channel transistor drain 
contact connected to said first interconnect, and a clock signal 
connected to a first P-channel transistor gate contact; 

a second P-channel transistor having a second P-channel 
transistor source contact connected to said fourth P+ region on said 
second EEPROM cell, a second P-channel transistor drain contact, 
biased at V ss and a first input connected to a second P-channel 
transistor gate contact; and 

a first N-channel transistor having a first N-channel transistor 
drain contact connected to said second N + region on said first 
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EEPROM cell, a first N-channel transistor source contact connected to 
42 said second P-channel transistor drain contact and biased at a voltage 

V ss , and a second input connected to a first N-channel transistor gate 
44 contact. 

42. A semiconductor device as defined in claim 41 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into one or more of said first, second, third or fourth channel 
4 regions. 

43. A semiconductor device as defined in claim 41 wherein said 
2 semiconductor material further comprises silicon. 

44. A semiconductor device as defined in claim 41 wherein said 
2 insulating substrate further comprises sapphire. 

45. A semiconductor device as defined in claim 41 wherein said 
2 insulating substrate further comprises a layer of silicon dioxide. 

46. A semiconductor device comprising a first island of 
2 semiconductor material on an insulating substrate wherein said first island of 

semiconductor material further comprises: 
4 a first region and a second region of a first conductivity type 

separated by a first channel region positioned between said first and 
6 second regions; and 

a third region and a fourth region of a second conductivity type 
8 separated by a second channel region positioned between said third 

and fourth regions. 
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47. A semiconductor device as defined in claim 46 further comprising 



2 a floating gate positioned over at least a portion of each of said first and 
second channel regions. 

48. A semiconductor device as defined in claim 46 wherein a portion 
2 of each of said first and second channel regions coincide. 

49. A semiconductor device as defined in claim 47 further comprising 
2 an inverter configured as a latching sense amplifier, said inverter comprising: 

a second island of semiconductor material on said insulating 
4 substrate wherein said second island of semiconductor material further 



6 



comprises a fifth region and a sixth region of said first conductivity 
type separated by a third channel region positioned between said fifth 
and sixth regions; and 



10 



12 



16 



14 



8 



a third island of semiconductor material on said insulating 
substrate wherein said third island of semiconductor material further 
comprises a seventh region and an eighth region of said second 
conductivity type separated by a fourth channel region positioned 
between said seventh region and eighth regions, wherein a voltage V ss 
is applied to said fifth region of first conductivity type, a voltage V dd is 
applied to said seventh region of second conductivity type, and said 
sixth region of first conductivity type and said eighth region of second 
conductivity type are interconnected as an output for said latching 
sense amplifier; wherein 



18 



said floating gate is positioned over at least a portion of each of 
said first, second, third and fourth channel regions. 



2 



50. A semiconductor device as defined in claim 47 further comprising 
an injector, said injector comprising a region wherein said floating gate 
penetrates into one or more of said first or second channel regions. 
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51. A semiconductor device as defined in claim 46 wherein said 
2 semiconductor material further comprises silicon. 

52. A semiconductor device as defined in claim 46 wherein said 
2 insulating substrate further comprises sapphire. 

53. A semiconductor device as defined in claim 46 wherein said 
2 insulating substrate further comprises silicon dioxide. 

54. A semiconductor device comprising: 

2 an island of semiconductor material on an insulating substrate; 

a first electronic device of a first conductivity type fabricated in 
4 said island of semiconductor material, said first electronic device 

comprising: 

6 a first device source region; 

a first device drain region; and 
8 a first device channel region positioned between said first 

device source region and said first device drain region; and 
10 a second electronic device of a second conductivity type 

fabricated in said island of semiconductor material, said second 
12 electronic device comprising: 

a second device source region; 
14 a second device drain region; and 

a second device channel region positioned between said 
1 6 second device source region and said second device drain 

region. 



55. A semiconductor device as defined in claim 54 further comprising 
a floating gate positioned over at least a portion of each of said first device 
channel region and said second device channel region. 
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56. A semiconductor device as defined in claim 54 wherein a portion 
of each of said first device channel region and said second device channel 
region coincide. 

57. A semiconductor device as defined in claim 55 further comprising 
an injector, said injector comprising a region wherein said floating gate 
penetrates into one or more of said first device channel region or said second 
device channel region. 

58. A semiconductor device as defined in claim 54 wherein said 
semiconductor material further comprises silicon. 

59. A semiconductor device as defined in claim 54 wherein said 
insulating substrate further comprises sapphire. 

60. A semiconductor device as defined in claim 54 wherein said 
insulating substrate further comprises silicon dioxide. 

61. A method for fabricating a semiconductor device which 
comprises providing a first island of semiconductor material on an insulating 
substrate wherein said first island of semiconductor material further 
comprises: 

a first region and a second region of a first conductivity type 
separated by a first channel region positioned between said first and 
second regions; and 

a third region and a fourth region of a second conductivity type 
separated by a second channel region positioned between said third 
and fourth regions. 
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62. A method as defined in claim 61 which further comprises 
2 providing a floating gate positioned over at least a portion of each of said first 

and second channel regions. 

63. A method as defined in claim 61 which further comprises 
2 providing that a portion of each of said first and second channel regions 

coincide. 

64. A method as defined in claim 62 which further comprises 
2 providing an injector, said injector comprising a region wherein said floating 

gate penetrates into one or more of said first or second channel regions. 

65. A method as defined in claim 61 wherein said semiconductor 
2 material further comprises silicon. 

66. A method as defined in claim 61 wherein said insulating 
2 substrate further comprises sapphire. 

67. A method as defined in claim 61 wherein said insulating 
2 substrate further comprises silicon dioxide. 



68. A semiconductor device comprising: 



2 



a layer of semiconductor material on an insulating substrate; 



4 



6 



a first electronic device of a first conductivity type fabricated in 
said layer of semiconductor material, said first electronic device 
comprising a first region and a second region of said first conductivity 
type separated by a first channel region positioned between said first 
and second regions; 



10 



8 



a second electronic device of a second conductivity type 
fabricated in said layer of semiconductor material, said second 
electronic device comprising a third region and a fourth region of said 
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second conductivity type separated by a second channel region 
1 2 positioned between said third and fourth regions; and 

a common floating gate positioned over at least a portion of each 
14 of said first and second channel regions. 

69. A semiconductor device as defined in claim 68 further comprising 
2 an injector, said injector comprising a region wherein said common floating 

gate penetrates into at least one of said first or second channel regions. 

70. A semiconductor device as defined in claim 68 wherein said 
2 semiconductor material further comprises silicon. 

71. A semiconductor device as defined in claim 68 wherein said 
2 insulating substrate further comprises sapphire. 

72. A semiconductor device as defined in claim 68 wherein said 
2 insulating substrate further comprises silicon dioxide. 

73. A semiconductor device as defined in claim 68 wherein said first 
2 electronic device of said first conductivity type is fabricated in a first island 

of semiconductor material on said insulating substrate and said second 
4 electronic device of said second conductivity type is fabricated in a second 
island of semiconductor material on said insulating substrate. 

74. A semiconductor device as defined in claim 68 wherein said first 
2 electronic device of said first conductivity type and said second electronic 

device of said second conductivity type are fabricated in a single island of 
4 semiconductor material on said insulating substrate. 

75. A method for fabricating a semiconductor device which 
2 comprises: 
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providing a layer of semiconductor material on an insulating 
substrate; 

fabricating in said layer of semiconductor material a first 
electronic device of a first conductivity type, said first electronic device 
comprising a first region and a second region of said first conductivity 
type separated by a first channel region positioned between said first 
and second regions; 

fabricating in said layer of semiconductor material a second 
electronic device of a second conductivity type f said second electronic 
device comprising a third region and a fourth region of said second 
conductivity type separated by a second channel region positioned 
between said third and fourth regions; and 

a common floating gate positioned over at least a portion of each 
of said first and second channel regions. 

76. A method as defined in claim 75 which further comprises 
2 providing an injector, said injector comprising a region wherein said common 

floating gate penetrates into at least one of said first or second channel 
4 regions. 

77. A method as defined in claim 75 wherein said semiconductor 
2 material further comprises silicon. 

78. A method as defined in claim 75 wherein said insulating 
2 substrate further comprises sapphire. 

79. A method as defined in claim 75 wherein said insulating 
2 substrate further comprises silicon dioxide. 



4 
6 
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80. A method as defined in claim 75 which further comprises 
2 fabricating said first electronic device of said first conductivity type in a first 
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island of semiconductor material on said insulating substrate and fabricating 
4 said second electronic device of said second conductivity type in a second 
island of semiconductor material on said insulating substrate. 

81. A method as defined in claim 75 which further comprises 
2 fabricating said first electronic device of said first conductivity type and said 
second electronic device of said second conductivity type in a single island of 
4 semiconductor material on said insulating substrate. 
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